In a preceding report' it was demonstrated that HeLa cells, infected with a guanidine-sensitive poliovirus (Gs), can be superinfected with a guanidine-requiring poliovirus (Gr). Although the first and the second infection were separated by as long as 2 hr, both variants of viruses multiplied together, indicating a significant curtailment of the latent period of the superinfecting virus. The experiments suggested that the replication of the superinfecting virus depended upon the functional proteins initiated by the first infecting virus, and the superinfecting virus at the time of its premature reproduction had not initiated its own early proteins such as the viral RNA polymerase. If the superinfecting viral genome had not expressed its genetic information with respect to early proteins while it was precociously formed in the double-infected cells, it was possible that it also did not control the synthesis of corresponding capsid proteins. The progeny of the second infecting virus ought to possess the capsid proteins specific for the first infecting virus.
The experiments presented here were designed to study this possibility. They show that the majority of the progeny derived from the superinfecting viruses displayed a phenotype characteristic of the first infecting viruses. However, there was also a considerable amount of phenotypic mixing. Cords and Holland2 have independently obtained similar results. The significance of these findings will be discussed.
Results.-Neutralization by means of specific antibodies provides a simple method to distinguish between different capsids of polioviruses. In order to utilize this method to study the problem at hand, it was necessary to achieve doubleinfection with Gs and Gr polioviruses belonging to different serological types. This system and the detailed experimental conditions as well as the growth characteristics of the guanidine-sensitive polio type 1 (Gs,) and the guanidine-requiring polio type 3 (Gr3) strains used were described in a previous communication.' The procedure involved the infection of HeLa cells with Gs,, and 2 hr later the superinfection with Gr3 viruses. After a total incubation of 5 hr, the progeny viruses were analyzed with respect to their serotypes. Table 1 shows that the majority of the Gr population could only be neutralized by type 1 antiserum, not by type 3 antiserum. In contrast, under identical conditions, the original Gr virus used for superinfection was clearly found to be type 3.
It should be noted also that a certain amount of phenotypic mixing seemed to have occurred, since approximately 30-40 per cent of both the resulting Gs and Gr populations could be neutralized by either antiserum. At any rate, the bulk (60 %) of the Gr population was type 1, indicating that the Gr virus progeny had acquired an antigenicity identical to the viruses upon which mechanisms its formation depended. This may suggest that under these circumstances the superinfecting Gr virus failed to express its genetic information with respect to the syn- thesis of capsid proteins in the normal way. Other explanations, however, are also feasible (see Discussion).
The nature of this phenomenon was further clarified when the progeny of the Gr viruses displaying type 1 antigenicity was analyzed with respect to its serotype. Various plaques, which had developed in the presence of guanidine and were derived from viruses which had not been neutralized by type 3 antisera, were picked, suspended in medium, and exposed to type 1 and type 3 antisera. After appropriate dilution, the virus-antiserum mixture was directly seeded for plaque assay in the presence and absence of guanidine. The outcome of this series (see Table 2 ) clearly indicated that all the second-generation Gr viruses were now type 3 (1.8-8.5 X 108) (3.4-7.5 X 108) (<10-4 X 102)
* Go plaques derived from assay of material A described in Table 1 . t Gr plaques derived from assay of material B described in Table 1 .
$ Average infectivity expressed as PFU/ml.
I Range of infectivities of individual plaques.
Plaques produced by Gs and Gr viruses derived from double-infected cells were picked. In experiment 1, the plaques were obtained from the assay of the samples which had been exposed to poliovirus type 3 antiserum (see Table 1 ). In experiment 2, plaques were derived from the assay of samples without previous exposure to antisera. The area of the agar overlayer above the individual plaques was picked and suspended in 1 ml of medium by vigorous pipetting. The suspensions were then diluted 1:10 with saline, and aliquots incubated with antisera to type 1 and type 3 poliovirus, as described for Table 1 . Appropriate dilutions of the mixtures were then assayed for remaining Gr and Gs virus infectivity, as described in the scheme in ref. 1. specific again. In other words, the genotype of the Gr viruses had always remained "type 3." Only the phenotype, that is, the capsid proteins of the Gr progeny from double-infected cells, was type 1 and thus seemed to have been borrowed from the first infecting viruses. Yamamoto and Anderson,3 who observed a similar phenomenon with phage, named it "genomic masking," and this term will be adopted for the system described here.
One of the important questions yet to be answered was whether or not the Gr genome of the genomically masked viruses had really replicated. Alternatively, after being denuded of its own coat, it could have been merely recoated by a capsid protein derived from the first infecting virus. Such an "in vivo reconstitution" was not impossible, in view of the relatively low yield of genomically masked viruses on the one hand, and the rather high multiplicity of superinfection with Gr viruses on the other. In order to investigate this possibility, the original experiments as reported in the previous publication were repeated. But, instead of testing for complete viruses, infectious RNA was now prepared from the cells and assayed in the absence and presence of guanidine. Figure 1 summarizes the results which were essentially the same as those obtained in the previous experiments with intact virus.' Thus, the increase of Gr viruses was reflected by an increase of Gr-RNA, suggesting that the latter was, in fact, actively reproduced. The proportion of infectious Gr-RNA compared to Gs-RNA in the double-infected cells was even higher than the proportion of complete Gr virus found under identical experimental conditions (30% versus 1-5%). While this might be a chance observation, it may also indicate a relatively high efficiency of replication of the Gr genome compared to a relatively poor efficiency of coating it with the "wrong" capsid. Discussion.-Several cases of "genomic masking" of viruses have now been observed. Fraenkel-Conrat and Singer4 first produced it by the in vitro reconstitution of tobacco mosaic virus from the RNA and protein moieties of different strains. Yamamoto and Anderson3 described the phenomenon with bacteriophage and introduced the term "genomic masking," also being used here. Hanafusa et al.5 recently reported a phenomenon in Rous sarcoma virus (RSV) which, in essence, seems to correspond to genomic masking: RSV is completely dependent upon a so-called "helper virus" for the specification of its coat antigens. Thus, RSV displays genomic masking not only facultatively but obligatorily. While this extreme behavior may be unusual in animal virology, the phenomenon can now be produced at will and studied in some detail with the relatively well-investigated polioviruses. A prerequisite for genomic masking is a suitable mixed infection in which interference is eliminated.7
In our experiments, the first infecting virus was a guanidine-sensitive virus strain of type 1 polio (Gs,), and the challenge virus was a guanidine-requiring mutant strain of type 3 polio (Gr3). A minority (1-5%) of the guanidine-resistant viruses appeared with the newly produced Gs population. Neutralization experiments revealed that about 60 per cent of the Gr viruses possessed exclusively a type 1 antigenicity as did, of course, the guanidine-sensitive viruses. Since about 40 per cent of both the Gs and the Gr viruses showed phenotypic mixing by combining antigenic specificity of both type 1 and type 3 parents, one may speculate that the "genomic masking" only represents an extreme condition of phenotypic mixing. It could be that the ratio of the two different antigens was shifted strongly in favor of the heterologous type, obscuring the presence of homologous coat proteins. So far, therefore, the term "genomic masking" can only be applied operationally to our system.
The considerable extent (40%) of phenotypic mixing suggests that the genetic information of both the viral genomes is expressed in terms of the synthesis of coat proteins. If these antigens were drawn at random from a common pool, the preponderance in all progeny viruses of the antigens typical for the first infecting virus could easily be explained on the basis that the genome of the first infecting virus was in the majority and correspondingly contributed a superior amount of capsid proteins. In fact, the relative amount of infectious RNA of the superinfecting virus (about 30%) compares favorably with the relative amount of phenotypically mixed virus progenies (between 22% and 41%). This may indicate that the RNA of the superinfecting virus produced a regular amount of its corresponding capsid proteins while utilizing the "heterologous" replicating system derived from the first infecting virus for its premature formation. It is interesting to note that under identical conditions there was no evidence of the synthesis of corresponding early proteins by the same viral genome. Indeed, as described in the preceding communication,' the precocious replication of the superinfecting viral genome was entirely dependent upon the systems initiated by the first infecting virus.
Summary. The "lipovirus" is a transmissible cytopathic agent isolated apparently from the blood of an infectious hepatitis patient' in the acute phase. Antibodies to this agent have been found prevalent in man, especially in those suffering with a disease clinically diagnosed as infectious hepatitis.2 When cultured cells are inoculated with the agent, the infectious process can be followed cytologically by a gross shrinkage of the cell nucleus, the accumulation of lipids in the cytoplasm, and the appearance of spongiform bodies.3' 4 High catabolic activities for deoxyribonucleic acid (DNA) and thymine have also been demonstrated within the infected human cell.5 At least 80 per cent of the cell DNA is degraded.5
It has now been found that cultured cells, infected with the lipovirus, can be kept in continuous cultivation for at least a period of 2 years, and that such cells retain the abnormalities described above.
Materials and Methods.-The cells were from a permanent cell line (Lich-1) that had been derived from human hepatic tissue. 6 The agent was a strain of lipovirus which had been propagated exclusively in Lich-1 cells since its isolation in 1954.
Two culture media were employed: (1) a standard medium consisting of 5-10 per cent inactivated horse or calf serum in a modified8 Eagle's medium;7 (2) an enriched medium consisting of the standard medium enriched with 0.5 per cent yeast extract and 0.5 per cent casein hydrolysate.
